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Introduction
Beech covering 31.2% of the total forest land in Slovakia was the leading woody plant in the country in the year 2008 (Collective, 2008 . The species is of key importance both to landscape forming and to commercial forest management. Until recently, the damage and threat to beech trees by biotic agents -insects and fungi was not considered significant (KorpeĽ et al., 1991) . In the last years, however, a steep increase in biotic damage to beech is evident. This is true for increasing populations of insects feeding on leaves and of wood destroying insects as well as for fungal diseases -mycoses. Macromycetes (macrofungi) growing in beech forest stands build an intricate ecotrophic-ecotopic system linked with beech and with the beech-associated environment. Each mycocoenosis in beech stands is characterised by its species diversity and dominance, abundance, distribution and fruit bodies fructification of the individual fungal species.
Mycofloristic research, especially analysis of mycocoenoses in beech forest stands has been area of interest of several authors. Dynamics of species diversity, dominance, succession and production of macromycetes in beech forest stands in Slovakia and in the Czech Republic was studied, among others, by AdaMčík et al. (2007) , ČížkoVá (2007) , Holec (1992 Holec ( , 1994 Holec ( , 2008 , Jančařík (2004) , LaZeBníček (1988) , MiHál (1992 MiHál ( , 1994 MiHál ( , 1995a , MiHál and BučinoVá (2005) MiHál et al. (2009) , Pavlík (1997) , Vaník (1970) , in abroad by AdaMcZyk (1995) , Andersson (1995) , GrZywacZ (1990) , MatsUda (1994) , Salerni and Perini (2004) , Tratnik and PoHleven (1995) , Tyler (1991) , WilliG and ScHlecHte (1995) and others.
The aim of this work is to contribute to the knowledge about dynamics of the species diversity, abundance and distribution of fruiting bodies and dominance of macromycetes in beech forest stands long term treated with applying regeneration cuts of various intensity.
Material and methods
The issue was studied on a permanent research plot series situated in beech stands of the Ecological Experimental Site (EES) Kováčová in the Kremnické vrchy Mts. The series consists of five partial research plots (PRP) with different densities obtained applying a series of regeneration shelterwood cuts with different intensities. The first cut series in March 1989 resulted in forming five PRPs with stocking densities scaled from clear cut to the original intact forest stand (control). The second cut series applied in March 2004 modified the stocking density values on individual plots in the way summarised in Table 1 . Mycological research was pursued on four PRPs (except for clear cut), that means PRP H (heavy intervention), PRP M (medium intervention), PRP L (light intervention) and PRP C (control without intervention). Our research on these four PRPs was realised after the second series of regeneration cuts in 2004 leading to even more stocking density reduction (Table 1 The surveys were done monthly, in the growing seasons 2007 (May 4, June 7, July 13, August 14, September 21, October 17) and 2008 (May 6, June 11, July 8, August 8, September 23, October 16).
In the surveys we recorded the species diversity and abundance of fructification in macromycetes on the research plots. Moreover, there was recorded the fruiting bodies distribution, that means the number of occurrence spots of fruiting bodies across the given plot. In such a way, each species was assigned with a number of abundance A (number of fruiting bodies) and a number of distribution D (number of occurrence spots of the species). Summarizing the two characteristics A + D we obtained a number of dominance (Do), ranking the given species into the appropriate class at the scale of dominant species in the mycocoenosis on the given research plot. More details about the discussed methodical approach can be found in MiHál (1994 MiHál ( , 1995b . It is necessary to add that in most fruticose and resupinate fruiting bodies of lignicolous species, the values of their abundance and distribution were identical, as the precise determining of the number of fruiting bodies in such species was not possible (such as Bisporella citrina, Calocera viscosa, Durela commutata, Hypoxylon multiforme, Trametes versicolor and others).
The species diversity was assessed according to the assessment keys assembled by BreitenBacH and kränZlin (1986), čerVenka et al. (1971) , HaGara et al. (1999 ), JülicH (1984 , Moser (1983 ), PaPoUšek (2004 ), veselý et al. (1972 and others. There were also used matching standards from the collection of the author of this paper. Selected species of the identified macromycetes have been deposed as exciccata by the author at the Institute of Forest Ecology SAS in Zvolen.
All the identified macromycetes have been ranked by their ecotrophic demands (growing substrate) in the individual ecotrophic groups -lignicolous found on wood substrate (parasitic and saprophytic), and terrestrial species growing from humus litter and soil horizons (saprophytic and ectomycorrhizal fungi), as well as the species parasitizing on herbs, fungi and epiphytic species.
Results
In the following we present the list of the identified macromycetes species together with abbreviated labels of the plots which the occurrence of the species was recorded on individual plots (for abbreviations of PRP see Table 1 ). The species were classified in Ascomycotina, Basidiomycotina and Deuteromycotina -Fungi imperfecti. Taxonomic nomenclature of macromycetes species is proposed by liZoň and BaciGálová (1998) and škUBla (2003). 
Ascomycotina
. -MC, Chon- drostereum purpureum (Pers.) Pouzar -ML, Chrysom- phalina chrysophyllum (Fr.) Clémençon -L, Clavaria- delphus pistillaris (L.) Donk -C, Clavicorona pyxi- data (Pers.) Donk -L, Clitocybe fragrans (Sowerby) P. Kumm. -H, C. nebularis (Batsch.) P. Kumm. -LC, Coprinus disseminatus (Pers.) Gray -L, C. domesticus (Bolton) Gray -L, C. micaceus (Bull.) Fr. -L, Cor- tinarius duracinus Fr. -ML, C. multiformis (Fr.) Fr. -C, Craterellus cornucopioides (L.) Pers. -HMLC, Cyathus striatus (Huds.) Willd. -HM, Dacrymyces stillatus Nees. -HMLC, Daedalea quercina (L.) Fr. - HM, Daedaleopsis confragosa (Bolton) J. Schröt. -C, Exidia glandulosa (Bull.) Fr. -HMLC, E. pithya (Alb. et Schwein.) Fr. -MLC, Fomes fomentarius (L.) J. Kic- kx f. -HMLC, Galerina badipes (Fr.) Kühner -L, G. pumila (Pers.) Singer -L, Gymnopilus junonius (Fr.) P. D. Orton -L, G. penetrans (Fr.) Murrill -L, G. sapi- neus (Fr.) Maire -LC, Gymnopus peronatus (Bolton) Antonín et al. -L, G. fusipes (Bull.) Gray -M, Heri- cium clathroides (Pall.) Pers. -C, Heterobasidion an- nosum (Fr.) Bref. -L, Hygrophorus eburneus (Bull.) Fr. -HL, H. poetarum R. Heim -M, Hymenochae- te rubiginosa (J. Dicks.) Lév. -HMLC, Hypholoma fasciculare (Huds.) P. Kumm. -ML, H. sublateritium (Schaeff.) Quél. -HL, Inocybe asterospora Quél. -L, Inonotus nodulosus (Fr.) P. Karst. -C, Kuehneromyces mutabilis (Schaeff.) Singer et A. H. Sm. -L, Laccaria amethystina (Huds.) Cooke -L, L. laccata agg. -L, Lactarius blennius (Fr.) Fr. -LC, L. fuliginosus (Fr.) Fr. -L, L. piperatus (L.) Gray -HMLC, L. pterospo- rus Romagn. -LC, L. salmonicolor R. Heim et Leclair -HL, L. volemus (Fr.) Fr. -ML, Lentinus strigosus (Schwein.) Fr. -HML, L. torulosus (Pers.) Lloyd -ML, Lenzites betulina (L.) Fr. -ML, Lepiota clypeolaria (Bull.) P. Kumm. -L, L. cristata (Alb. et Schwein.) P. Kumm. -L, Lycopedon perlatum Pers. -MLC, L. pyriforme Schaeff. -LC, L. umbrinum Pers. -L, Ly- ophyllum loricatum (Fr.) Kühner -L, Marasmiellus foetidus (Sowerby) Antonín et al. -LC, Marasmius alliaceus (Jacq.) Fr. -HLC, M. bulliardii Quél. -LC, M. rotula (Scop.) Fr. -LC, Megacollybia platyphylla (Pers.) Kotl. et Pouzar -MLC, Mycena alcalina (Fr.) P. Kumm. -LC, M. crocata (Schrad.) P. Kumm. -L, M. epipterygia var. viscosa (Maire) Ricken -HL, M. filopes (Bull.) P. Kumm. -LC, M. haematopus (Pers.) P. Kumm. -ML, M. polygramma (Bull.) Gray -LC, M. pura (Pers.) P. Kumm. -L, M. stipata Maas Geest. et Schwöbel -L, M. stylobates (Pers.) P. Kumm. -LC, Omphalina epichysium (Pers.) Quél. -L, Oligoporus stipticus (Pers.) Gilb. et Ryvarden -LC, O. subcaesius (A. David) Ryvarden et Gilb. -L, O. tephroleucus (Fr.) Gilb. et Ryvarden -C, Panellus stipticus (Bull.) P. Kar- st. -HMLC, Phanerochaete laevis (Pers.) J. Erikss. et Ryvarden -L, Phellinus hartigii (Allesch. et Schnabl) Pat. -C, Phlebia radiata Fr. -L, Pholiota squarrosa (Weigel) P. Kumm. -L, Pleurotus pulmonarius (Fr.) Quél. -HMLC, Pluteus atromarginatus (Konrad) Küh- ner -L, P. cervinus (Schaeff.) P. Kumm. -ML, P. romel- lii (Britzelm.) Sacc. -L, P. salicinus (Pers.) P. Kumm. -L,) P. Kumm. -L, T. imbricatum (Fr.) P. Kumm. -L, T. terreum (Schaeff.) P. Kumm. -L, Tri- cholomopsis rutilans (Schaeff.) Singer -L, Xerocomus chrysenteron (Bull.) Quél. -L, Xerula melanotricha Dőrfelt -L, X. radicata (Relhan) Dörfelt -HML.
Deuteromycotina -Fungi imperfecti:
Bispora antennata (Pers.: Fr.) E. W. Mason -HMLC.
The total amount of fungal species identified in the stand at the EES over the whole study period was 154 macrofungal species and one imperfect fungus (Fungi imperfecti), from which 23 belonged to Ascomycotina and 131 to Basidiomycotina. The abundance values of the species identified on the individual PRPs in Table  2 show trends increasing from the least stocked plots to the plots with the highest stocking density. The only exception is the lower species abundance on the intact control plot C. The lower number of the species on plot C may follow from the fact that the area of this plot is smaller compared to the other as well as from rather stable and uniform climatic and ecological conditions on the plot C -unlike on the other plots where these conditions were close dependent on the cutting intensity. The highest number of macrofungal species was recorded on the PRP L offering the most favourable conditions: optimal stocking density, sufficient wood substrate and probably also the highest proportion of fir (17%) compared to the other partial plots. Similar trend as in the species abundance was observed in dynamics of abundance and distribution of fruiting bodies and dominance of macromycetes (Table  3 ). The table illustrates the interannual decrease in values on the least stocked plots H (heavy cut) and M (medium cut) and increased on the plots L (light cut) and C (no cut -control) with the highest stocking density. In general, in the year 2008 were higher also the values of abundance of fruiting bodies. The highest values of abundance and distribution of fruiting bodies were observed always on plot L. On the other hand, the lowest values on plot C reflect the conditions on this plot, being also in accordance with the low number of the species recorded on the control plot.
The information about the 10 most dominant macrofungal species on the individual PRPs in year 2007 is in Table 4 , in year 2008 in Table 5 . Due to the limited space, there are presented only the first 10 most dominant species representing from 10% to 37% of the all species spectrum determined on individual partial plots. The two tables exhibit practically the same species spectrum of the leading macromycetes -reflecting the well-balanced mycocoenosis in the whole beech stand at the EES and only slight differences in the species diversity between the plots. Both tables show that the most dominant were lignicolous macrofungi occurring, unlike terrestrial saprophytes and ectomycorrhizal symbionts, in large amounts on wood substrate over the whole study period and affected the species composition of the group of the most dominant macromycetes.
The abundance of species in individual ecotrophic groups on individual PRPs is illustrated in Table 6 showing that the ratio between the lignicolous species (51.3% from the total species number) and terrestrial species (46.1%) is almost 1 : 1 -pointing at rather favourable climatic, ecological and soil-humification conditions for fructification of terrestrial macromycetes. In presence of sufficient supply of wood substrate produced by regeneration shelterwood cutting, the highest portion of lignicolous macromycetes is corresponding to presumptions. Relatively low presence of ectomycorrhizal symbionts (22.7%) can be assigned to the negative influence of cutting interventions (especially in year 2004) removing trees as mycorrhizal partners of symbiotic fungi and resulting in considerable stand opening, soil dessication, weed succession and formation of connected shrub and herb layer hindering, to a large extent, fructification in symbiotic macromycetes.
Step-by-step increase in symbiotic species from PRP H (new-created clearing) to PRP L (stocking 0.5 and presence of fir) corresponds to the micro-environment. This trend is to large extent followed also by terrestrial saprophytic macromycetes. During the whole study period we recorded rather few lignicolous species occurring in the stands at EES as parasites (Table 7 ). The major part of lignicolous macromycetes on the individual PRPs were saprophytes on abundant dead wood substrate left after the cutting, especially on plots H, M and L. From the parasitic species listed in Table 7 , the species Microsphaera alphitoides was recorded only on plot H -parasitizing on oak leaves in the undergrowth. Another plant-parasite Rhytisma acerinum was found growing on sycamore leaves on all PRPs. There was also recorded the species Heterobasidion annosum parasitizing on fir root buttresses on plot L, the species Nectria cosmariospora was observed on the fruiting bodies of Inonotus nodulosus and Nectria episphaeria on the fruiting bodies of Eutypella quaternata and Diatrype disciformis.
The overall dynamics of the mycoceonosis at the EES over the whole study period is summarised in Table  8 -showing in all the studied factors the trends increasing from the lowest stocked partial plots to the densest ones. The brackets in case of plots C and L underline the special features of these two plots: the plot C (control) having smaller area than the other plots and the plot L almost optimally stocked, having the highest presence of fir. The just mentioned general increase of selected factors can be considered as the natural process of development of the mycocoenosis at the EES where the values of the studied factors reflect the suitability of climatic, ecological and soil-humification conditions on individual PRPs in dependence on intensity of the applied regeneration cut. The species spectra of the most dominant macromycetes on the individual PRPs were almost identical, independent from the degree of canopy opening in the parent stand. Presumption of substantial changes in the species diversity in the dominant macromycetes could be well-reasoned in case of strongly reduced compactness of the forest stand or in case of harvesting all trees and replacing them with other woody plants (e.g. spruce, pine, self seeding pioneer species). 
Discussion
Several of the most dominant macrofungal species listed in Tables 4 and 5 MiHál, 1992 MiHál, , 1995a MiHál, , 1995b MiHál and BučinoVá, 2005) . Comparing the species diversity of dominant macromycetes at the EES in the earliest 1990s (MiHál, 1992) As for the number of the species in the individual ecotrophic groups (Table 6) , it is necessary to point out that the species number at the EES was in each group limited by the environmental conditions on the separate plots modelled by a series of cuts with different intensities. Holec (1992) suggests that terrestrial fungal species are associated with a certain layer of cover humus and substrate in this layer, mycorrhizal species are most affected by the presence of their partner and by the site climate, and the occurrence of lignicolous fungi requires wood in various phases of decay -in close correlation with the degree of naturaleness of the forest and supply of wood substrate. These conditions were overlapping on all partial plots, dependent on its stocking density. General retreat in mycorrhizal symbionts from the most disturbed PRPs (low stocking → removal of trees as symbiotic partners) was also observed in different managed spruce forests by MiHál and GáPer (1995) , who speaking about decrease of symbiotic macromycetes and increase of lignicolous saprophytic fungi in a spruce monoculture affected by snow and wind disturbance. In case of lignicolous saprophytes, the dead wood substrate in appropriate amounts is considered as the factor limiting occurrence of these fungi. vaník (1970) declares lignicolous fungi in beech stands to be useful saprophytes releasing dry branches from beech stems, decomposing stumps, facilitating, in such a way, the "self-cleaning" process in the forest. The same species, however, may turn to harmful parasites when the forest is weakened by long lasting drought or by other harmful factors (insects, mechanical injury).
In case of terrestrial saprophytes, apart from the microclimate, additional limiting factors are humification of organic matter in soil and thickness of humus and leaf and wood debris layer. Holec (1994) means that the thickness of forest litter and the humus form control the abundance of both saprophytic and ectomycorrhizal fungi as well as their mutual proportion. For example, in beech stands with mull humus form, (1991) , studying the effect of removing forest litter on fruiting bodies production, observed that on the plot with forest litter maintained was the fructification more abundant in the saprophytic species Mycena cinerella, Mycena galopoda and Rhodocollybia butyracea f. asema; on the plots with forest litter removed was the fructification more abundant in the species belonging to the genera Lactarius and Russula. Contrarily, salerni and Perini (2004) studying the production dynamics in the ectomycorrhizal species Boletus edulis observed the most abundant fruiting bodies were produced exactly on the plots with the thickest forest litter layer.
Conclusions
In this work we present the results of a study focussed on the dynamics of species diversity, abundance and distribution of fruiting bodies and dominance of macromycetes in a mycocoenosis of beech forest stands long-term managed by applying series of shelterwood regeneration cuts of various intensities. The problem was investigated at the Ecological Experimental Site Table 1 . The total number of fungal species identified at the EES over the study period was 154 macromycetes (Ascomycotina, Basidiomycotina) and one species of Fungi imperfecti. The trend in species diversity was increasing from the least stocked PRPs up to the densest stocked plots. Similar trend as in the species diversity was observed in the dynamics of abundance and distribution of fruiting bodies and in the values of dominance of macrofungi. In the both study years, the species composition of the most dominant macromycetes seemed practically the same on all plots -exhibiting a species-balanced mycocoenosis across the whole stand at the EES and only slight differences in the species diversity among the plots. The major part of the group of the most dominant species consisted of lignicolous macromycetes. The mutual proportion of lignicolous (51.3% of the total species number) and terrestrial species (46.1%) was practically 1 : 1 -pointing to relatively favourable climatic, ecological and soil-humification conditions for fructification of terrestrial macromycetes. . Zistili sme stúpajúci trend početnosti druhov od najmenej zakmenených ČP až po najviac zakmenené ČP, pričom najviac druhov bolo zistených na ČP L, so zakmenením 0,5. Podobný trend ako v prípade početnosti druhov sme zaznamenali aj v prípade dynamiky hodnôt abundancie a distribúcie plodníc a hodnôt dominancie makromycétov. V obidvoch rokoch výskumu sa na jednotlivých ČP vyskytovalo prakticky to isté druhové zloženie najdominantnejších makromycétov, čo svedčí o druhovo vyváženej mykocenóze celého porastu EES a minimálnych rozdieloch v druhovej diverzite vyskytujúcej sa na jednotlivých ČP. Skupina najdominantnejších druhov bola tvorená najmä lignikolnými makromycétami. Vzájomný pomer lignikolných druhov (51,3 % z celkového počtu druhov) a terestrických druhov (46,1 %) bol približne vyrovnaný, čo poukazuje na pomerne vhodné klimaticko-ekologické a pôdno-humifikačné pomery pre fruktifikáciu terestických makromycétov. Najvyšší pomer u lignikolných makromycétov je vzhľadom na dostatok drevného substrátu z ťažbovo-obnovných zásahov očakávaný. Pomerne nízke zastúpenie ektomykoríznych symbiontov (22,7 %) môžeme pripísať negatív-nemu vplyvu ťažbových zásahov (najmä zásahu z roku 2004), kedy došlo k odstráneniu stromov ako mykoríznych partnerov symbiotických húb, značnému presvetleniu porastov a následnej desikácii pôdy na jednotlivých ČP.
